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Abstract of JP10065210 

PROBLEM TO BE SOLVED: To provide a 
desirable method of manufacturing a light- 
emitting device where a GaP crystal 
substrate is used and a double hetero- 
junction structure of InGaAlP is made to 
serve as a light-emitting part and which is 
high in luminous efficiency and in long- 
term passage-with-time reliability. 
SOLUTION: A light-emitting device is 
equipped with a GaP crystal substrate 1 (p- 
type in the example of the figure) and a 
light-emitting layer 2 of InGaAlP double 
hetero-junction structure composed of a p- 
type clad layer 21, an active layer 22, and 
an n-type clad layer 23. In this case, the 
active layer 22 is set at 0.75&mu m to 
1 .5&mu m in thickness and/or the p-type 
clad layer 21 is set at 0.5&mu m to 2.0&mu 
m in thickness. It is preferable that a GaAs 
crystal substrate be made to serve as a 
starting substrate, a double hetero-junction 
structure of InGaAlP be formed thereon, a 
GaP thick layer be formed, and then the 
starting substrate be removed. 
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«3fe»i:Sr#r6 i m»ft«3tSH t T*o-C, «3Kfflti I 
n G a A 1 P^O-fb^%^«£««*^^ 0 . iSttJftf) 
J**£<0. 7 5//m«J:0^:#< 1 • 5/xmJaT, fc-fctf 
pI?7 7 h'Jf<7)/S^#0. 5jum~2. 0 

[ft*JS2] GaP3&»/5,*«tsjyaR3& < pa'c*-5 
[Mti3] pI?77 Ki^yrit^ ix 

1 0 16 cm-3— 5 X 1 0 17 cm-3-C$)-l.lt^lie«JcO 
[ff#3||6] ffl^^fc£ftif&B E H »LL£. I nGa 

a i p%^&$&mittm*miK p1??7 f», 

?>I&3ESP£ . SttSOJS*** 0. 7 5 // m J: < 

i. 5//mmT. tsiv/ZMt. pm^yv^mcom 

**4ie*^ft.Ik£^k*ft¥Wflcf63te* ; P<0 
[f»*JH7] a&S&k&fttSJHBK;^ nlGaA 
t>W£* nI?7 yHl. vStt«. p175 7H1T'I. 

o , g a p &§&>mwtm# p fflT'j> ftw^Ji 6 1 e«w 

[00 0 1] 

[«w<om-r*a*s#»] Gap £&r&k 

tl, InGaAl P&<r>i\L^tmWtf%$Mcr>mi 

t Lxm^iix^^m^^m^nzmr ft. 

[0002] 

) O&rfrCk. ffeJtafc L"C InGaAl P&colt 

■syji^mtmmfr ^ & § yyji-^om^mm £ *-r ft 

ti. m&<r>%tft*7fct. InGaAl P3k<r>fc£ 

m^mtmrnz. in, (Ga, ai^, ) w p. o 

^ x g 1 . 0 ^ y ^ 1 . T'flSftft ZTtm&M&iW* 

mmtmx'b& (tiT, InGaAl p^*mj 

InGaAlP^Sflt GaAsl 



waAs p&cwtewmftzmikmfcb Lxm^\ 

WCtt^r <, -e^^©flx-rfti4®?r^-r. *<otz#>m 
z.im$&tmco l e d %t'Tte^mwmf&x'Z 

[000 3] i«Oi'3=SrlSIHK:»«i-r^fc(7)i:Lr. 
?££S5«> 6 Sfctf fcft* *fc*t LT aW5c««T* ft G a 

pzmgkmmottmt Lxmm&x&Hfibi. l*» 

U GaP^ B ^iiCI nGaA 1 PjRfm£ttAA 

«$itft^. cm^^ra^ts^^s-^o^. Gap 

ttfl£&Jh£B& I nGaA 1 P$tm*&&ft£JM 

^A»^«§*ftc:fc«aiiT*ft. zwtztb. &t 

£ IStfft & k\ GaP AS&Jhfc 
I nGaA 1 PSMmfrfefcft3Bb»*trateR*tftfc 

[0004] 

[SMHaWKi* L«fc 3 k -fftiUS] ±ffiOj; GaP 
*ISIH6Ki:U I nGaA 1 P^WfSW^Srft^VU 

telimfflfrFZ: fc'£ffl v vfcK 77r Ji*C!^T*: k =3r ft . 
L*>U W<v 7 TMeyfrmziL ft^AASlOiSiTtiS 

[0005] *wncowm±. imsmzmmu Ga 

PZ&gk&mt 1 1 nGaA 1 P%Mmfrh%hy7')l- 

X. «Mfl»*OJ:0afv\ tit. jaMW=Sre^&ffcfcat 
L-cmiSttiOiO^^^S^SrflW-rftk^c. 

st u ft i k rfcft . 

[0006] 

Z h . Vgtt B<7>J¥^<7)®ffl. P177 7K1 COff^^K 

h. tjii^, *am<?>mmgmiz. matsmzxKifti. 

[0007] (DGaPgfalSt. pI^77H 

mm^mtmb^-r^^mw^im^xrh^x. wt 

WInGaAl P*<?>fc^WN»*fffi*»^>«rO. ffi 
ttS^if^'O. 7 5Atm«tO^:#< 1. 5jumiaT. 
*>J:r//^7t(i. pI?7 7 Fac7)Jf^'0. 5xxm— 

2. 0//mTJ>ftC:k$:^fStk-rft^^¥. 

[0008] ( 2 ) G a P^^^ft^^^'pMT'S) 
it, ^y^xD^tfcltftpS^^ v vmiffiik 
WmiZ&&t& tcOT'&ftilE ( 1 ) IE»^)^3fcS 
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[0009] ( 3 ) pI;?7 vmco** OTWU&iK 
lxl 0 lf cm-3-5X 1 0 17 cm-3-CS>S±l5 ( 1 ) 

[0 0 10] < 4 ) SttJitf)***** 1. l//m~l. 
3/tmtft6±B ( 1 ) EKtftffcKSH 6 -. 

[ooin ( 5 ) mmmm?t,zmfe>ti&mmmv> 
fL^tco-c-$)4±ia ( i ) sdmnrmtm*. 

[0 0 12] (6) MJIHHRfc*4*SAa«Lh(C. In 
G a A 1 P^<?>fb^^tt*m5rffllV pI?7 7 K 

«it«?63fcg&$- . JSttJi*)*** 0. 7 5 ;</ m J: 9 
<1. 5^mOT. fcitf/ifctt, pI^5-/W 
flKw&*0. 5/im~2. Ojumt^J: ■5t=»«L. » 
X«J:icGaPtiJlAJnMfr»JftL^tt. ffif&»£2r 

[0 0 13] (7 ) tt$S£ftfc&&ttA£ti»(* nlG 

■c* o . Ga p&i' g nmmmtfpw.x'h&±§z ( 6 > e 

[00 14] 

5-. M^.lfl n 0 . 49 (Gaj-.A 1 , ),. 51 P, OSx 
=£lT'&5&?*7.a*miLT. JteA>fe»fiiTO»fi 

SEA****** < 4* . * * u r«stw*»^ J? 9 y 
tth. mz, vrtfimm&co'hz^mTX'h&ti, 

0. 75^mJ:0^<mt{:J:-7t, IWpI 
[0015] — iSttJi0Dff*£ff< =*r-v 'J Ttf> 

0. 75^mJ:H^<. 1- S^mmSWTk^^ 
0»;»fcl. Um-l. 3//mT'{i^7t^*(±i«?< : 5: 

[00 16] pI?7 7 KS^H^St. 0. 5ju 
m*^2. 0;umfc^S^kKJ:oT, ?m&^#r6Lt 

9-y HS'VO^ 'JTcO^-->'<-7a-$r5£ 7 >fPS0-r-S. 



[0017] mam(r)m*-bpW7 7-y Ymnmz-t 

[0018] 9 9 y FSO^f + D TigJgti, «^ 

X'^htzthmmmtm<^:h\t-rx'hh. upl. p 

TiSSte. 5X 1 0 16 cm-3~5 X 1 0 17 cm- 3 <5D®H 

tfwar* 0 , z com m (c v «jk3W«± i 0 ft±-r 

[00 19] GaP^t^SeSffiSli. ^OAVh'Jf 
+ 77^^)11^, I nGaA 1 PjR«)?fc%tf&»6ft 

[ 0 0 2 0 ] *36fflfc:J: S^eSH^Kt*^ 
ti. ffi»»«E£l&±b-C. GaP£«rfcfclSfl£*»:'*- 
4t^T'ft4« GaPlfaiiiCInGaAlPilf 

(i . a»fci«riE#rF«E*tt^)j«*» wap saffigw^a 

tt<!0ffiT**jBi 0 i. I n G a A 1 P^W^* 1 ^^ 

4 &jtmcom&&i±&mz&tzti . iswjs <o led 

^.^4. {il^«$rGaAs^ B B B i:L. >Iix?:x 

-y^Vi/fci^T^-r-?.*^, InGaAlPK^ 

[002 1] 

IfKH^IIS^JBJIR] OTC, LED 

H ) LT. **BBS:HaBtKIW-4. Hlli. * 

4„ RHfc0Ktrt«*3IWi. GaPSMl (IB 
Wcotztblzpmzm^) ±lz. yy'i^y-u^W&cr) 
f636S»23&*»J«SflfcLEDT*4. ///Kfng^ 
«jS^=S-S»i^T I nGaA 1 P»tm*»^>*4. -I^ 

COlftBBOkfcO^ vgttS2 2£0J1^0. 7 5// mi "5 

m mm<nmx'{t2\) comx-tfo. 5//m— 2. o^ 

mT*$>4. 4fc. 3{iGaPJS B B H S«lffl!l^«fii (lil 
T. r TSP««ij t^d) . 4Ji^tP^LT^ B H B * 

T'fcoT, Plllf^mfig^N yf-^SrSSLT^ 
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I/O**. 

[0022] *^BJ05BtS^J±, G a P^ B SS±tC 

S18i3rifc£ifefc:»nJiU -e^. ^fKBcoaMaR^S- 

[0023] *mitzX *ffc!£*?««JWr83i. it** 
03 ( a) (CjjrTidfc. I nGaAl P3R»8fc*tL 

U -e^±tC, 757F12 1, 2 3 £*gttJI 2 2 tfK 
*iiT**^/l^-rn»^-flfia^j««$-frf53lMI5 2 fc 

-r*. yy/i-^T-^m^m^mMi^x inGaAi 

p ^cnfcisWmWX-h * . 2 it, 

GaPJflSr^jft 03 (b) ttti^. 

[0024] &<&mizm-h swHHs»oe*ffi£ P 

nM^m«Sfc^*#><il&S$:rx&^# i \ pI 

fl|V\ JBfc. nl?7 7h'l. pI^^vK 
Jl, pIGaP»KiSMt4i:V^J:3t:. nlf 
jfcfc. pSfc^O&fcy&fc-T*:***. «*aW)ISifttt<0 

[0025]^t. m«*«T*4 n£!atiA£K£ 
Bfe*U «aopSGaPJWWI*«rfct:»Ei:UTffl 

«K*H-|> G a P ISIUHRfli^MiOfiaNBtt p Mifi» 
tL^b^oZt lz%&. micomX'IZ. plTCaP 
»dHHKl±fc:. &£K1H*»&M£. Pl^7 7h*l 
2 1 . vStt* 2 2 . nl? y -y H« 2 3 **W«3*l*:8t 
3STC&*. BT, ajfH6K<0fiai3!*naj:-*-**&fc: 

[0026] *HOfis*ll£88&$-4fctf><0 h'-^N'y h 

[0027] m&BRtzm^hti&mikmiii.* «*» 

Ott^TS)* InGaAl P3R*mfc*f LTfifftl^P 
S£-t* fctf)-C**Uf <k < „ GaAs. GaAsP^rif 
tfWfbtlhtf. #KGaAs*f, «Ett«*0 t «<a« 

[0 0 2 8] 563tS5K:fflV^feitS«fi{i« InGaAl 
PaWfiTWUfiV^ In 0 . 49 (Ga lM Al, ) 
o.Bi P. OSxSl. Tifc£$ft*tt^W£#*m 



'JTi&gS: 5x 1 0 16 cnv 3 ~5 x 1 0 n cm- 3 itS 
ifctcioT. ^ B B B S«^t'<?)?HS!l^it*^vgttii^H 

[0029] iti^mm^^vy/i-^am^mi^^B 

tftfkZit&jTmtLXii. xt^^/H&KWS:;* 

MMOVPE (Metal Organic Vapor Phase Epitaxy: 
3f«£»Rffixt**5'-) *WiL<. *£>fl»L MB 
E (Molecular Beam Epitaxy ; 4H4£:cb 0 ? ^_ ) „ 
CBE (Chemical Beam Epitaxy ; 7"$#/Ufc.'— Alf 

[0030] fBKS5W-Bc£ 4>fcG a P*SA*jWRt:x 
t'?*;^/M£«£tf*£^;frj£fc LTli. LPE 
( Liqud Phase Epitaxy : jgfflxb^df ^- ) *W4 L 
LPElci4$g B a B j£#T'U:. iaS^S=5ri:^*nc7)^ 

mzmmtx^iK y o-yomnm&m&mm-rz 

Zt*mizn£U\ yo-yoI«ll MZ 
if. *%.W<V£olZl nGaA 1 Pmm»t>*:&J£i£ 
Si5c7)±®(CGaPJi^^$-fr4^, %3ta5cO±®Sr 

Tft#fcLTJKPGaPfc#fai-*£5fcKBU ClfL 

hwmGa.ptwtm±mtcr)mi,z^ mz-\i p*mnm 

T\ «3W±iBfc:GaPJiOffBt*SjtftS-fr4*ife'C'* 

4 . ( mtttt^Jsmffim&Mm 21. < 1 9 8 

6) . 119 ryo-yoJMtftlftifelciiiNIWMSIIi 

[0031] aja^fci^fs^&tti®^* 1 *^ 

X-yf-^^ioTflO-fcA^U^ X-y-^^ 

^»4Uv^feffi:UTtt, Witf. T^xTTfcfciS 
■Wk*3R*k3&*BBnw^«, «iBTS«Jtl 0 : lTffi 
-^^itJtx-yf-^vhSrfflVK 5 O'CT'X.y^-v^Srff 
;oi7fi-yMi, GaAsS-tii 
5H6Ki:LTfflVVfc%&ett. InGaAlPMW 
i^'GaPlrXyfy/l^Ut. GaAsfittS- 
W^x-y^y^B±-r40T\ mfHHRte**t«rff*L< 

[0032] *»!Bcoi8t*afcfeV^T«ffl U#&g|ii 
StBtOV^TIi. ^^3-1 0 8 64 

w-^tmi- 1 zommirm j tc» t < en ? nx v % 4 . 

[0033] SimS«±. ^<0»W*3j:tfHii<73i«Da* 
ffiffl^TlgTfc-S. nSffl0cO«fiit UAu Sn 

-Au, 47^, pllOtit UAu Be -Au&b' 

[0034] *^Bjt £h$tftm : f-X'\t. ±.unmtft 
^tnmznzssiZRtmzmf&mmrfJi o»4 
02«4, -eco«3t<7)-gijSr*-rm^0-c'S)i>. i°i0c0y 

*1-i«M£3imi» Hlkra«, pScoGaP^Kli: 
I nGaA 1 PJft«S*»fe^4»3K»2 i: LE 
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coo35] waamma. ±tm&t&mt0>mt 

Wlzft LX i OJEWffltc^MBtT'* . $£ttJfOJ£KH2riif 
V^flSfflfcUll AlGaAs. InGaAl 
[0036] «8SSMjyi*®j«-t4*i£til»Sg$fL*V> 

£tt&»«£l&*U -y HJBO>HH<0iii*aajS*fc 

ate, *omt*rfcft:«aafifiMi*»j«-r4*ifeT'» 
■mux-Jbh. '<&%<7>nmx'i±. vfflmMwtm&A i 

GaAs, InGaAlPfctSW. GaPi-tSJ; 
[0037] ^WtfDWWTOl, G a Ptft JUHR* 
aPlil nGaA 1 Pmtm*t>%&ft%Mfrt>MtltiZ 

ti&%izttLxmmx'$>&frt>. mzix. ai. 2^ 

[00 38] 

immmi bit. sw«M«fT*W!H*J: ojwww: 

SMB**. . #HS£04Ttt. G a A s tSASfiCSriBf&Xfii 
PfiMHSKi:. InGaAlPIftfWjrl-^/K 

[00 39] CSti«S«<0-fe-y bfc1HiXS3 
( 1 ) atf@^fc%£GaAst£A^£*«liSfflTW 
Bit. 8S^^?f-r^hT*iBO^*-^Ji«:tt*) 

Bfevvtf*. tMbftjtgi (movpe) <D»G*rtfc:-fe 

(2) GaAst£A£««Oiaie*7 0 0X*:S5eU A 

sh 3 ( tvi^ y ) mm^Tx- 1 0 a-ia^-^/ux y f- 

(3) TMG(h^fM'JW)tAsH3 

U GaAs^ B B B »RJi(CGaAsyN'-y7riI^0. 5 

[0040] c ry^xng-^ffijtco^BOig: 

( 4 ) BFMtfX k LX , TMA ( h'J.*fVUT/U$-<7 
A) s TMG. TM I (h'J^fWVyW) . PH 
3 (^^^ylMnlH-AVhrat^SHj S 



e (**fc-«ri^) *«&u ^yraK3xio» 

I n 0 . 49 (Ga 0-3 A 1 0 . 7 ) 0-51 Prt>£>3r£ 

( 5 ) #«fi/r^oaui t ssi & £ t tc i o T»£jt* 

I n 0 . 49 (Ga 0>7 A 1 0 . 3 ) 0 , 51 P frhtchT 
y F -roSttS 1 . 2 ju m jRJSS -thfc . 

(6) $A>^^^#M^*7.£0iI:^-it5-^-tT. p^H 

U df-ri;7tftK3X 1 0"cm-s, In M ,(Ga 

0. 3 Al 0 . 7 ) o.siP^Sr&pS^-y HS^lw 
mJ&R$-£7t. 

[0041 ] CGaPfefcJlOWBJS:) 

( 7 ) WMijXh LTTMG, P H 3 . fcil/pSH- 

1 0 17 cm-3(7)pSGaPJl$:^3^m^$^. 
(8) jfc^TUfcKfiSrBOiBU ±12 ( 7 ) copM 
G a P t> IZ P IG a Pt£A«>JgH&j£«3 ^6 

fc*>» 8Al£fi£K ( L P E ) ^JEfW'-fc: 7M 

( 9 ) **#H^Tt-t5V^T . G a PJ&H&,£CD7 0 0 

( 1 0 ) y o-yoMftfeSCi 0 . 3r-v 'J TiftS5 
X 1 0 18 cm- 3 <7)pMGaPJl£J!^l 5 0«mt5: 

[0042] Cffi5Hfi*<0B»*xeD 
(11) jfc^T««S*rc9SiiU JiifH&IKT*ofc 
G a A s ft AXft£x >y i^tiSL/t. 

[0043] amnmis.') 

( 1 2) nSWlItUAu Sn (0. 1/xm)- 
Au (0. 5jum) . pficOtltUAuBe 
(0. 3/im) -Au (lum) &J&&.LX . ^mSKO 

[0044] i&immm®. 1 3 ±Kiai0!-c»^-hJt 

LED^ffilit— yl'h'Ct O^rflctiOlU 2 0m 
T6cd C^Vx^D iO^K^t^il, ^ISLEDi: 
[0045] Cttfl8I8£ffc2 D ±fBH;&60«i:£< PI« 
S^LEDt^^ffSL. SBftfcR5 9 5 nmtcfc 

yyX-Wbfr** d l,z. mtWli&'&mnm-X-0 . 7 

5vm~~l. 5umlZ}5\,^X±t,za<7)®mZffiZ. ftlZ 

1. 1 /am— 1 . 3^mOf+35^fc^Tb*-^t^-?T 

[0046] t&mmzmm 3 : uenis^ t ^< nai 
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LED-fr>'7VP£fERU ^^59 5 nmlCfcttl. 

cornet fm&SKvm&t Lxmscofyyiz^-?. m 

[0047] CtttgWB3BR4 ] *»3ltf>«3K*?fc:* 

2 5*C. 50mAtL. 5I^B§fSI£ 5 0 0 h r fc 

lipl?7-yK)lllH 4 L V ^ t Wz. Z> . L*> 
^{ST-f^^T'iaoO. 5jum-2. 0 u m#Sfcjfi 
C 0 0 4 8 ] 4 . HI ^^-r^S-?^l3V vcjfcB4 

^mm^m^mmt Lxm<tzMz. z^zimmn 

[0049] 



*'l>£: pS F— t < V h ^v£tt S^tkiiSc t I^I^tcffp 
[0ffiofS*=S:SiBJ] 

[01 3 *^<o-isi^tJ:4«M6srf^)«a*«* 
mz^-tmx'hh. 

i,zfp-tmx~$)&. 

[03 ] *fra<oisfi*ife<oxs*«*wtc5rraTft 

4. 

[04] #fHH<0«**Tfcl3t1-4* $Stt*<0**i:» 
[05 ] *fWB<0«3K3R?t=*J*t4 . pI? 9 / KJitf) 
[06 ] *«BH<of6«^tc«SataOT*#-¥-L3t«^ 

1 plGaPg B B 9 iS 

2 IBfclff 

2 1 pI^7 7Ki 

2 2 ?SftJS 

2 3 nI^7 7Hl 



[01] 



[02] 



[06] 




2 XXB 

2 1 d!59?7 HB 

2 3 SttIB 

2 3 nffliT^KJB 




0.0 
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[03] [124] 
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o.o 1 1 ' 1 

O.O 0.5 1.0 1.5 2.0 



